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FIG. 3C
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IMAGE CODING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an apparatus for
coding images to generate compressed images, and more
particularly to an apparatus which uses an intra coding pro-
cess and an inter coding process to code images.

BACKGROUND ART

[0002] In image coding techniques such as MPEG2, H.
264, and the like, an intra coding process and an inter coding
process are used. In the intra coding process, coding is com-
pleted within a frame to be coded, without using any reference
frame. In the inter coding process, coding for a frame to be
coded is performed by using a reference frame.

[0003] All macroblocks included in an I picture are coded
by the intra coding process. Macroblocks included in a P
picture and a B picture are coded by the inter coding process.
Since all the macroblocks in the I picture are intra-coded, the
amount of generated codes in the I picture is larger than that
in the P picture or the B picture. Even in the H.264 where an
intra prediction technique is used, the amount of generated
codes in the I picture is still larger than that in the P picture or
the B picture.

[0004] In a system in which low-delay reproduction or
transmission is required, an increase in the amount of gener-
ated codes in the I picture becomes a problem. Further, there
is another problem that the amount of generated codes oscil-
lates in a cycle of appearance of the I picture. When the
amount of generated codes oscillates, a larger buffer size is
temporarily needed, which is inefficient.

PRIOR-ART DOCUMENTS
Patent Documents

[0005] [Patent Document 1] Japanese Patent Application
Laid Open Gazette No. 2004-215252

[0006] [Non-Patent Document 1] Technical Guide for
MPEG technologies in the homepage of Pioneer Corporation,
searched on Dec. 10, 2009,

<URL: http://pioneer.jp/crdl/tech/mpeg/3-2.htm1>

[0007] [Non-Patent Document 2] Reference Room in the
homepage of Japan Patent Office, searched on Dec. 10, 2009,
<URL: http://www.jpo.go.jp/shiryou/s_sonota’/hyoujun_gi-
jutsu/nle/nle-7-1.html>

[0008] As discussed above, an image including an [ picture
in which all macroblocks in a frame are intra-coded is not
appropriate for a low-delay system since there is a possibility
of causing a delay in the processing of the I picture. Then,
proposed is a coding method shown in Non-Patent Document
1.

[0009] In Non-Patent Document 1, no I picture in which all
macroblocks ina frame are intra-coded is used. In Non-Patent
Document 1, intra macroblocks are arranged on a slice-by-
slice basis. All macroblocks in a slice within a frame are
coded as intra macroblocks to be directly subjected to DCT
without using any prediction. Such a slice is termed an
“intraslice”. By shifting a place to which the intraslice is
applied on a frame-by-frame basis, the intraslice makes the
rounds of the whole screen in a certain cycle and the screen is
thereby refreshed. Since the amount of generated codes
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required for the intraslice is smaller than that required for the
I picture, it is possible to reduce the buffer size and decrease
the delay.

[0010] Also in Non-Patent Document 2, similarly, dis-
closed is a technique using the intraslice.

[0011] As disclosed in Non-Patent Documents 1 and 2,
with the intraslice, it is possible to disperse intrablocks in a
GOP (Group of Pictures).

[0012] The methods disclosed in the above-discussed Non-
Patent Documents, however, in which all the macroblocks in
a slice are intra-coded and the position of the intraslice is
shifted by one row on a frame-by-frame basis, causes degra-
dation in image quality. Specifically, when images are repro-
duced in series, the intraslices disadvantageously appear like
scan lines.

[0013] Inthe above-discussed Patent Document 1, the intra
macroblocks are dispersed on a macroblock-by-macroblock
basis. In a case where the intra macroblock is a complicated
image, however, the amount of codes in the intra macroblock
tends to increase. In order to suppress the amount of codes in
the intra macroblock, the intra macroblock may be quantized
coarsely. In a case of coarsely quantizing the intra macrob-
lock, there arises a difference between the image quality of
the intra macroblock and the image quality of an inter mac-
roblock positioned around the intra macroblock. As a result,
the positions of the intra macroblocks are disadvantageously
noticeable.

DISCLOSURE OF INVENTION

[0014] The present invention is intended for an image cod-
ing apparatus. The image coding apparatus comprises an
activity calculation configured to calculate activity which
indicates the complexity of an image of a first frame in a
macroblock, an intra-candidate setting configured to set intra-
candidate macroblocks which can be intra-coded in the first
frame for each of lines of macroblocks aligned in a transverse
direction, an intra macroblock determination part configured
to determine one of the intra-candidate macroblocks of the
first frame included in each line, which has the minimum
activity, as an intra macroblock of the first frame, and a coding
part configured to intra-code the intra macroblock.

[0015] It is possible to prevent the amount of codes in the
intra macroblocks for one frame from sharply increasing.
[0016] In the image coding apparatus, a second frame is a
frame inputted subsequent to the first frame, and the intra-
candidate setting part excludes the macroblock having the
minimum activity from intra-candidate macroblocks of the
second frame.

[0017] Since the intra macroblocks are dispersedly dis-
posed among the frames, the positions of the intra macrob-
locks become unnoticeable.

[0018] Therefore, it is an object of the present invention to
provide an image coding apparatus which is capable of sup-
pressing a variation in the amount of codes in intra macrob-
locks for one frame and achieving less degradation in image
quality.

[0019] These and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a functional block diagram showing a
constitution of an image coding apparatus in accordance with
a preferred embodiment of the present invention;
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[0021] FIG. 2 is a view showing a layout of macroblocks in
each frame;
[0022] FIG.3Aisa view showing a distribution of macrob-

locks (intra-candidate MBs) which can be designated as intra
macroblocks (intra MBs) in an initial state;

[0023] FIG. 3B is a view showing a distribution of the intra
MBs and the intra-candidate MBs;

[0024] FIG. 3C is a view showing a distribution of the
intra-candidate MBs after an update operation;

[0025] FIG. 3D isa view showing a distribution of the intra
MBs and the intra-candidate MBs;

[0026] FIG. 4A is a view showing a distribution of the
intra-candidate MBs;

[0027] FIG. 4B is a view showing a distribution of the
intra-candidate MBs after a recovery operation;

[0028] FIG. 5 is a view showing a distribution of intra-
candidate MBs in an initial state in accordance with an exem-
plary variation of the preferred embodiment of the present
invention;

[0029] FIG. 6 is a graph showing a variation in the amount
of codes in the intra MBs in accordance with Example 1;
[0030] FIG. 7 is a graph showing a variation in the amount
of'codes in the intra MBs in accordance with Example 2; and
[0031] FIG. 8 is a graph showing a variation in the amount
of codes in the intra MBs in accordance with Example 3.

PREFERRED EMBODIMENT FOR CARRYING
OUT THE INVENTION

[0032] Hereinafter, with reference to figures, discussion
will be made on a preferred embodiment of the present inven-
tion.

[0033] <Constitution of Image Coding Apparatus>

[0034] FIG. 1 is a functional block diagram showing a
constitution of an image coding apparatus 1 in accordance
with the present preferred embodiment. The image coding
apparatus 1 comprises a coding part 11, an activity calcula-
tion part 12, an intra-candidate setting part 13, and an intra
macroblock determination part 14. Hereinafter, the intra mac-
roblock determination part 14 is referred to as an “intra MB
determination part 14 (the abbreviation “MB” stands for
macroblock).

[0035] The coding part 11 inputs uncompressed image data
21. The coding part 11 performs an image coding process on
the input uncompressed image data 21, to thereby output
compressed image data 22. The coding part 11 performs the
image coding process using a coding system such as MPEG2,
H.264, or the like.

[0036] The activity calculation part 12 inputs the uncom-
pressed image data 21. The activity calculation part 12 cal-
culates the activity ACT for each of macroblocks of the
uncompressed image data 21. The activity ACT is a numerical
value indicating the complexity of an image in the macrob-
lock.

[0037] The intra-candidate setting part 13 sets intra-candi-
date macroblocks which can be objects to be intra-coded, for
each of block lines. Hereinafter, the intra-candidate macrob-
lock is referred to as an “intra-candidate MB”. The block line
refers to a strip-like area constituted of the macroblocks
aligned in a transverse direction. The intra-candidate setting
part 13 holds information on the intra-candidate MBs as MB
classification information 31.

[0038] The intra MB determination part 14 determinates
intra MBs to be disposed in each frame on the basis of the MB
classification information 31 and the respective activities
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ACT of'the macroblocks. The intra MB determination part 14
determines one of the intra-candidate MBs included in each
of'the block lines, which has the minimum activity, as the intra
MB. Since one intra MB is disposed for each block line, the
intra MBs are dispersedly arranged in each frame.

[0039] In the present preferred embodiment, when the
uncompressed image data 21 is coded, the image coding
apparatus 1 does not generate any [ picture in which all the
intra macroblocks are coded. The image coding apparatus 1
dispersedly arrange the intra MBs in each frame.

[0040]

[0041] Now, discussion will be made on a general outline of
procedures for determination of the intra MBs in each frame.
FIG. 2 is a view showing a layout of a frame of the uncom-
pressed image data. As shown in FIG. 2, discussion will be
made, taking a case where one frame consists of twenty-four
macroblocks M0 to M23 as an example. One frame consists
of six macroblocks wide and four macroblocks long. In the
frame, block lines BL1 to BL4 are formed.

[0042] The image coding apparatus 1 follows the proce-
dures, from (Procedure a) to (Procedure d), to determine the
intra MBs in each frame.

[0043] (Procedure a) Initial Setting of Intra-Candidate MBs

[0044] Initial setting of the intra-candidate MBs is per-
formed before starting the coding of the uncompressed image
data 21. The intra-candidate setting part 13 sets intra-candi-
date MBs for each of the block lines in order to disperse the
positions of the intra MBs in each frame.

[0045] (Procedure b) Calculation of Activity ACT

[0046] The activity calculation part 12 calculates the activ-
ity ACT of each of the macroblocks every time when the
frame is inputted.

[0047]

[0048] The intra MB determination part 14 determines one
intra MB for each block line by using the MB classification
information 31 and the calculated activities ACT. Specifi-
cally, the intra MB determination part 14 determines one of
the intra-candidate MBs in each block line, which has the
minimum activity, as the intra MB. Since the macroblock
having lower activity ACT is preferentially intra-coded, it is
possible to suppress the amount of codes in the intra MB.

<General Outline for Determination of Intra MBs>

(Procedure ¢) Determination of Intra MBs

[0049] (Procedure d) Update of MB Classification Infor-
mation 31
[0050] Theintra-candidate setting part 13 changes the mac-

roblocks which are determined as the intra MBs, from the
intra-candidate MBs to an intra-forbidden MBs. The intra-
forbidden MB refers to a macroblock forbidden from being
intra-coded. This updates the MB classification information
31. In the determination of the intra MBs for the next frame,
the updated MB classification information 31 is used.
[0051] Every time when the frame is inputted, the opera-
tions of Procedure b to Procedure d are performed. Detailed
discussion on Procedure a to Procedure d will be made, taking
a case where the intra MBs in the frame F1 are determined as
an example. Subsequent to the frame F1, the frames F2, F3, .
..Fe,...F12, ... are inputted sequentially. Hereinafter, the
block lines BL1 and BL3 are referred to as “odd-numbered
lines”. The block lines BL.2 and BL4 are referred to as “even-
numbered lines”.
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[0052] <Initial Setting of Intra-Candidate MBs (Procedure
a)>
[0053] FIG. 3A is a view showing a distribution of the

intra-candidate MBs at the initial setting. In FIG. 3A, the
intra-candidate MBs are shown in white and the intra-forbid-
den MBs are hatched.

[0054] In the block line BL1, the macroblocks MO to M5
are set as the intra-candidate MBs. In block line BL2, the
macroblocks M6, M8, and M10 are set as the intra-candidate
MBs. In block line BL3, the macroblocks M12 to M17 are set
as the intra-candidate MBs. In block line B4, the macrob-
locks M18, M20, and M22 are set as the intra-candidate MBs.
[0055] At the initial setting, all the macroblocks in the
odd-numbered lines are set as the intra-candidate MBs. At the
initial setting, in the even-numbered lines, every other mac-
roblock is set as the intra-candidate MB. The intra-candidate
MBs are set so that the block line in which the ratio of the
intra-candidate MBs is 100% and the block line in which the
ratio of the intra-candidate MBs is 50% are alternately
repeated. In the even-numbered lines, only if the ratio of the
intra-candidate MBs is 50%, every other macroblock does not
have to be set as the intra-candidate MB. In other words, the
intra-candidate MBs have only to be set so that there is a
difference in the ratio of the intra-candidate MBs between a
block line and another adjoining block line.

[0056] <Calculation of Activity ACT (Procedure b)>
[0057] The activity calculation part 12 calculates the activ-
ity ACT of each macroblock every time when the frame is
inputted. As discussed above, the activity ACT is a numerical
value indicating the complexity of an image in the macrob-
lock. The activity calculation part 12 calculates the dispersion
of'the pixel values of pixels in each macroblock as the activity
ACT. As the pixel value, the luminance value of the pixel in
the macroblock or the pixel value of each color component
can be used.

[0058] Only if the value indicates the complexity of the
image of each macroblock, the activity calculation part 12
may calculate the activity ACT by using any other calculation
method. The sum total of the differential absolute values
between the pixel value of any one pixel (specified pixel) in a
macroblock and the pixel value of a pixel adjoining the speci-
fied pixel on the right side thereof, for example, can be
obtained as the activity ACT.

[0059] <Determination of Intra MB (Procedure ¢)>
[0060] FIG. 3B is a view showing the correspondence
between the intra-candidate MB and the activity thereof in the
frame F1. The intra MB determination part 14 determines one
of the intra-candidate MBs set in each block line, which has
the minimum activity ACT, as the intra MB.

[0061] Intheblockline BL1, outof'the macroblocks MO to
M5 which are the intra-candidate MBs, the macroblock M1
having the minimum activity ACT is determined as the intra
MB. Similarly, in the block lines BL.2, BL.3, BL4, the mac-
roblocks M10, M14, and M22 are determined as the intra
MBs, respectively. In FIG. 3B, the macroblocks Ml, M10,
M14, and M22 which are determined as the intra MBs are
each represented by the sand pattern. It can be seen that one
intra MB is disposed in each block line.

[0062] In the odd-numbered lines, no intra-forbidden MB
is set. Therefore, the macroblock having the minimum activ-
ity ACT in each odd-numbered line is determined as the intra
MB. In the even-numbered lines, the macroblock having the
minimum activity ACT is not always determined as the intra
MB. In the block line BL.2, for example, the macroblock M10
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having the third lowest activity ACT is determined as the intra
MB. Since there is a difference in the ratio of the intra-
candidate MBs between the odd-numbered lines and the
even-numbered lines, the levels of the activity ACT of the
intra MB can be dispersed.

[0063] By dispersing the levels of the activity ACT of the
intra MB between the odd-numbered lines and the even-
numbered lines, it is possible to prevent the total amount of
codes in the intra MBs included in the frame F1 from becom-
ing much larger than that in the intra MBs included in each of
the other frames. The reason thereof will be discussed below.
[0064] When the macroblock having high activity ACT (the
image thereof is complicated) is coded, usually, the macrob-
lock having a complicated image is coarsely quantized in
order to suppress the amount of codes. In the present pre-
ferred embodiment, however, when the intra MB having a
complicated image is coarsely quantized, there is a possibility
that the positions of the intra MBs will become noticeable
since there arises a difference between the image quality of
the intra MBs and that of inter macroblocks around the intra
MBs. For this reason, it is necessary to finely quantize even
the intra MB having a complicated image.

[0065] When the intra MB having a complicated image and
the intra MB having lower activity ACT (a flat image) are
quantized with the same coarseness (fineness), the amount of
codes in the intra MB having a complicated image is larger
than that in the intra MB having a flat image. This is because
the quantization value of a high-frequency component is
almost zero in the macroblock having a flat image and there-
fore the amount of codes in the macroblock having a flat
image is suppressed.

[0066] As discussed above, the image coding apparatus 1
disperses the levels of the activity ACT of the intra MB
between the odd-numbered lines and the even-numbered
lines. Since this avoids a case where the intra MBs having
higher activities ACT are coded at the same time in the odd-
numbered line and the even-numbered line, it is possible to
prevent the total amount of codes in the intra MBs included in
the frame F1 from extremely increasing.

[0067] When the frame F1 is coded, the macroblocks M1,
M10, M14, and M22 which are determined as the intra MBs
are intra-coded. Further, the first frame of the sequence may
beanl picture. In this case, from the next frame, the intra MBs
are determined in accordance with the above-discussed pro-
cedures. This makes it possible to generate the compressed
image data 22 from the first frame.

[0068] <Update of intra-candidate MBs (Procedure d)>
[0069] The intra MB determination part 14 notifies the
intra-candidate setting part 13 of respective indexes Idx of the
macroblocks M1, M10, M14, and M22 which are determined
as the intra MBs of the frame F1. The intra-candidate setting
part 13 updates the MB classification information 31 by
changing the macroblocks M1, M10, M14, and M22 to the
intra-forbidden MBs on the basis of the notified indexes Idx.
[0070] FIG. 3C is a view showing a distribution of the
intra-candidate MBs after the determination of the intra MBs
of the first F1. As shown in FIG. 3C, the macroblocks M1,
M10, M14, and M22 which are the intra MBs of the frame F1
are set as the intra-forbidden MBs. Since one macroblock is
intra-coded in each block line, the number of the intra-for-
bidden MBs increases by one every time when the frame is
coded. There remains, however, a difference in the ratio of the
intra-candidate MBs between the odd-numbered lines and the
even-numbered lines.
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[0071] <Determination of Intra MBs in Frames F2 and F3>
[0072] The frame F2 is inputted subsequent to the frame F1.
The activity calculation part 12 calculates the activity ACT of
each of the macroblocks included in the frame F2 (Procedure
b). Since the MB classification information 31 is updated, the
intra MBs of the frame F2 are determined out of the intra-
candidate MBs shown in FIG. 3C.

[0073] FIG. 3D is a view showing the correspondence
between the intra-candidate MB and the activity ACT thereof
in the frame F2. The intra MB determination part 14 deter-
mines the macroblocks M5, M8, M15, and M20 as the intra
MBs of the frame F2 in accordance with Procedure c. Since
the MB classification information 31 is updated after the intra
MBs of the frame F1 are determined, the intra MBs of the
frame F1 (macroblocks M1, M10, M14, and M22) are not
determined as the intra MBs of the frame F2. Therefore, it is
possible to disperse the intra MBs in all the frames.

[0074] As shown in FIG. 3D, in the odd-numbered lines,
the macroblocks M5 and M15 having activities ACT of lower
level to middle level are determined as the intra MBs. In the
even-numbered lines, the macroblocks M8 and M20 having
activities ACT of middle level to higher level are determined
as the intra MBs.

[0075] Thus, as the ratio of the intra-candidate MBs in each
block line decreases, the activity ACT of the intra MB
increases. Since there is a difference in the ratio of the intra-
candidate MBs between the odd-numbered lines and the
even-numbered lines, however, it is possible to prevent the
macroblocks having high activities ACT from being selected
as the intra MBs at the same time in the odd-numbered line
and the even-numbered line. As discussed above, even in the
case where the intra MB having high activity ACT is finely
quantized in order to prevent degradation in image quality, it
is possible to prevent the total amount of codes in the intra
MBs included in one frame from extremely increasing.
[0076] With reference to FIG. 3D, the macroblocks M5,
M8, M15, and M20 are changed to the intra-forbidden MBs
since those macroblocks are determined as the intra MBs of
the frame F2 (Procedure d). As a result, the number of intra-
candidate MBs in each even-numbered line is one. In the
block line BL.2, for example, only the macroblock M6 is the
intra-candidate MB.

[0077] Theframe F3 is inputted subsequent to the frame F2.
Then, the intra MBs of the frame F3 are determined (Proce-
dure c¢). Since only the macroblock M6 is the intra-candidate
MB in the block line BL.2, the macroblock M6 is determined
as the intra MB of the frame F3. The macroblock M6 is not
always a macroblock having the maximum activity ACT in
the block line BL2. In other words, when the intra MBs are
determined in accordance with Procedure c, the frequency
that the macroblock having the maximum activity ACT in
each block line is determined as the intra MB decreases.
Therefore, it is possible to prevent the total amount of codes
in the intra MBs included in one frame from extremely
increasing.

[0078] <Recovery Operation>

[0079] The macroblocks which are determined as the intra
MBs of the frame F3 are changed to the intra-forbidden MBs
(Procedure d). Since the macroblock M6 is determined as the
intra MB in the block line BL2, all the macroblocks in the
block line BL.2 are set as the intra-forbidden MBs. The same
applies to the block line BL4.

[0080] FIG. 4A is a view showing a distribution of the
intra-candidate MBs after the determination of the intra MBs
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in the frame F3. In the even-numbered lines, all the macrob-
locks are set as the intra-forbidden MBs. Therefore, even
when the frame F4 is inputted subsequent to the frame F3, it
is impossible to determine any intra MB in the even-num-
bered lines.

[0081] The intra-candidate setting part 13 performs a
recovery operation on the even-numbered lines in order to
allow the determination of the intra MBs in the even-num-
bered lines. In the recovery operation, if there is a block line
(recovery object line) in which all the macroblocks are set as
the intra-forbidden MBs, all the macroblocks in the recovery
object line are reset to the intra-candidate MBs.

[0082] FIG. 4B is a view showing a distribution of the
intra-candidate MBs after the recovery operation. By per-
forming the recovery operation, all the macroblocks in the
even-numbered lines are changed from the intra-forbidden
MBs to the intra-candidate MBs. The odd-numbered lines
still have the macroblocks set as the intra-candidate MBs even
after the determination of the intra MBs in the frame F3 (see
FIG. 4A). Therefore, the odd-numbered lines are not objects
for the recovery operation.

[0083] Through the recovery operation, the ratio of the
intra-candidate MBs in the even-numbered line becomes
100%. The ratio of the intra-candidate MBs in the odd-num-
bered line is 50%. The ratio of the intra-candidate MBs in the
odd-numbered line and that in the even-numbered line change
over from one to another as compared with the initial state. By
performing the recovery operation, in the frame F4, the mac-
roblock having activity ACT of middle level is determined as
the intra MB in each odd-numbered line, and the macroblock
having the minimum activity ACT is determined as the intra
MB in each even-numbered line. Even after the recovery
operation is performed, it is possible to disperse the activities
ACT of the intra MBs between the odd-numbered lines and
the even-numbered lines.

[0084] Therecovery operation for the odd-numbered line is
performed after the determination of the intra MBs in the
frame F6. Through the recovery operation for the odd-num-
bered lines, the ratio of the intra-candidate MBs in the odd-
numbered lines and that in the even-numbered lines are 100%
and 50%, respectively, like in the initial state. At that time,
every other macroblock is not necessarily the intra-candidate
MB in each of the even-numbered lines. This is because the
intra-candidate MB having lower activity ACT is preferen-
tially selected as the intra MB in each of the even-numbered
lines.

[0085] Specifically, the recovery operation for the odd-
numbered lines is performed every time after the intra MBs in
the frames F6, F12, F18, . . . are determined, and the recovery
operation for the even-numbered lines is performed every
time after the intra MBs in the frames F3, F9, F15, . . . are
determined. In other words, by setting the intra-forbidden
MBs in the even-numbered lines in advance (see F1G. 3A), it
is possible to cause the respective timings of performing the
recovery operation for the odd-numbered lines and for the
even-numbered lines not to coincide with each other.

[0086] The macroblocks included in a block line on which
the recovery operation is performed are determined as the
intra MBs within six frames. An interval (intra interval) at
which each macroblock is determined as the intra MB varies
in a range from one frame to eleven frames. The intra interval
is, generally, in a range from 1 to {(the number of macrob-
locks in each block linex2)-1}.
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[0087] Now, discussion will be made on a case where the
intra interval is 1. It is assumed that the macroblock M6
included in the block line BL2 is determined as the intra MB
of'the frame F3. As the recovery operation for the block line
BL2 is performed, the macroblock M6 is reset to the intra-
candidate MB (see FIGS. 4A and 4B). When the macroblock
M6 is determined as the intra MB of the frame F4, since the
macroblock M6 is intra-coded successively in the frames F3
and F4, the intra interval is 1.

[0088] Next, discussion will be made on a case where the
intra interval is 11. It is assumed that the macroblock M1
included in the block line BL1 is determined as the intra MB
of the frame F1 (FIG. 3A). The recovery operation for the
block line BL1 is performed after the intra MB of the frame
F6 is determined. After the recovery operation, there is a
possibility that the macroblock M1 is not determined as the
intra MB until the frame F12 is inputted. In such a case, the
intra interval is 11.

[0089] {Variations}

[0090] In the above-discussed preferred embodiment, the
case has been discussed where there is a difference in the ratio
of the intra-candidate MBs in each block line between the
odd-numbered lines and the even-numbered lines. By
increasing an interval (set interval) at which the ratio of the
intra-candidate MBs to be set in each block line is changed, it
is possible to further suppress a variation in the total amount
of codes in the intra MBs included in one frame.

[0091] FIG. 5 is a view showing an initial state of the
intra-candidate MBs in a case where the ratio of the intra-
candidate MBs is changed at intervals of four blocks. In this
exemplary variation, discussion will be made, taking a case
where one frame consists of 32 macroblocks M0 to M31 in
the uncompressed image data 21. One frame consists of four
macroblocks wide and eight macroblocks long.

[0092] The set interval is assumed to be “P”. In the exem-
plary case of FIG. 5, the set interval P is 4. In the example
discussed in the above preferred embodiment (see FIG. 3A),
the set interval P is 2. The value of the set interval P may be
any value other than 2 or 4. The maximum value of the set
interval P is the number of block lines in the uncompressed
image data 21.

[0093] In the block lines BLL1 and BLS5, the ratio of the
intra-candidate MBs is 100%. In the block lines BL2 and
BL6, the ratio of the intra-candidate MBs is 75%. In the block
lines BL3 and BL7, the ratio of the intra-candidate MBs is
50%. In the block lines BL4 and BLS, the ratio of the intra-
candidate MBs is 25%.

[0094] Thus, intheblocklines BL.1to BL8, by changing the
ratio of the intra-candidate MBs every four block lines, the
activities ACT of'the intra MBs to be selected for all the block
lines can be further dispersed as compared with the above-
discussed preferred embodiment. Since the frequency that the
macroblocks having activities ACT of higher level are deter-
mined as the intra MBs is decreased by increasing the set
interval P, it is possible to further suppress the variation in the
amount of codes in the intra MBs for each frame.

[0095] By increasing the set interval P, the frequency that
the macroblocks having the activities ACT of lower level are
determined as the intra MBs is also decreased. Even in a case
where a moving object having low activity ACT moves, for
example, it is possible to prevent the moving object from
being preferentially intra-coded. Since successive intra-cod-
ing of the moving object and successive intra-coding of a
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background are prevented, it is possible to prevent the posi-
tion of the moving object from becoming noticeable.

EXAMPLES

[0096] Hereinafter, discussion will be made on Examples
where the uncompressed image data 21 is coded by using the
above-discussed image coding apparatus 1, with the value of
the set interval P changed. FIGS. 6 to 8 are graphs each
showing a variation in the average amount of codes in the intra
MBs arranged in each frame.

[0097] FIG. 6 is a graph showing a variation in the average
amount of codes in the intra MBs in a case where the intra-
candidate MBs are initially set with the set interval P=2
(Example 1). Though the size of the image is different, the
intra-candidate MBs are set in the initial setting as shown in
FIG. 3A. The horizontal axis represents the frame No. and the
vertical axis represents the average amount of codes in the
intra MBs of each frame. As a comparative example, shown is
the average amount of codes in the intra MBs of each frame in
a case where the intra MBs of each frame are arranged ran-
domly.

[0098] In Example 1 and the comparative example, no |
picture is used and the intra MBs are dispersedly arranged in
each frame. For this reason, though not shown, a variation in
the amount of codes among the frames is suppressed as com-
pared with a case where I pictures are used.

[0099] Asshown in FIG. 6, the average amount of codes in
Example 1 repeatedly increases and decreases every forty
frames. This is because the recovery operation is performed
every forty frames. While the average amount of codes varies
in a range of 350 to 600 bits in the comparative example, the
average amount of codes varies in a range of 100 to 600 bits
in Example 1. Therefore, it can be seen that the average
amount of codes in the intra MBs in a whole sequence is
further suppressed in Example 1 as compared with that in the
comparative example.

[0100] FIG. 7 is a graph showing a variation in the average
amount of codes in the intra MBs in a case where the intra-
candidate MBs are initially set with the set interval P=4
(Example 2). In the initial state, the intra-candidate MBs are
arranged as shown in FIG. 5.

[0101] Asshown in FIG. 7, the average amount of codes in
Example 2 repeatedly increases and decreases every twenty
frames. This is because the recovery operation is performed
every twenty frames. While the average amount of codes
varies in a range of 350 to 600 bits in the comparative
example, the average amount of codes varies in a range of 100
to 500 bits in Example 2. Since the average amount of codes
in Example 2 varies in a lower level as compared with that in
the comparative example 1, it can be seen that the average
amount of codes in the intra MBs in a whole sequence is
further suppressed in Example 2 as compared with that in the
comparative example 1.

[0102] FIG. 8 is a graph showing a variation in the average
amount of codes in the intra MBs in a case where the intra-
candidate MBs are initially set with the set interval P=8
(Example 3). In the initial state, the intra-candidate MBs are
set so that the ratio of the intra-candidate MBs is changed
every eight block lines.

[0103] When the set interval P=8, the recovery operation is
performed every ten frames, but the increase and decrease in
the average amount of codes in Example 3 is not as clear as
those in Examples 1 and 2. While the average amount of codes
varies in a range of 350 to 600 bits in the comparative
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example, the average amount of codes varies in arange of 100
to 400 bits in Example 3. Since the average amount of codes
in Example 3 varies in a lower level as compared with that in
the comparative example 1, it can be seen that the average
amount of codes in the intra MBs in a whole sequence is
further suppressed in Example 3 as compared with that in the
comparative example 1.
[0104] As shown in FIGS. 6 to 8, as the set interval P
increases, the average amount of codes in the intra MBs varies
in a lower level. Further, it can be seen that a variation in the
average amount of codes in the intra MBs decreases as the set
interval (set cycle) P increases.
[0105] While the invention has been shown and described
in detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.
1. An image coding apparatus comprising:
an activity calculation part configured to calculate activity
which indicates a complexity of an image of a first frame
in a macroblock;
an intra-candidate setting part configured to set intra-can-
didate macroblocks which can be intra-coded in the first
frame for each of lines of macroblocks aligned in a
transverse direction;
an intra macroblock determination part configured to
determine one of the intra-candidate macroblocks of the
first frame included in the each line, which has a mini-
mum activity, as an intra macroblock of the first frame;
and
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a coding part configured to intra-code the intra macrob-
lock.
2. The image coding apparatus according to claim 1,
wherein
a second frame is a frame inputted subsequent to the first
frame, and
the intra-candidate setting part excludes the macroblock
having the minimum activity from intra-candidate mac-
roblocks of the second frame.
3. The image coding apparatus according to claim 2,
wherein
the intra-candidate setting part resets all macroblocks
included in a first line among the lines as the intra-
candidate macroblocks of the second frame when the all
macroblocks are excluded from the intra-candidate mac-
roblocks of the second frame.
4. The image coding apparatus according to claim 1,
wherein
the lines include:
a first line; and
a second line adjoining the first line, and
a ratio of the intra-candidate macroblocks set in the first
line is different from that of the intra-candidate macrob-
locks set in the second line.
5. The image coding apparatus according to claim 4,
wherein
a ratio of the intra-candidate macroblocks in each of the
lines is changed at regular intervals.
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